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anchored individually into a concrete bearing head on the top of the dam. In
this manner, a stabilizing load of about 85 tons per lin ft of dam was provided.

13. Earthquake Forces, (a) General statement. In regions where earth-
quakes are possible or probable, dams must resist the inertia effects caused by
the sudden movements of the earth's crust. If the foundation under a dam
moves, the dam must move with it, if rupture is to be avoided. To produce
such motion, forces must be applied to overcome the inertia of the structure.
These forces are applied through the medium of stresses in the dam and its
foundation. Their magnitude is primarily determined by the severity of the
earthquake, the mass of the structure, its elasticity, and the earthquake effects
on the water load.

The Engineering Foundation's Special Committee on Arch Dams, in
1927,31 found that

The positive evidence as to the behavior of masonry dams is that they are
not injured in any earthquake of the intensity of the 1906 California shock.
The Crystal Springs Dam is built of concrete masonry of gravity section,
but of an arch form. It is situated within a few hundred feet of an earth-
quake rift and must have been subjected to as severe shaking as it is possi-
ble for a structure to receive that is not situated directly over the rift. It
was not damaged. In the Santa Barbara earthquake, the Gibraltar Dam,
an arched structure, was so severely shaken that a watchman who was on
the dam at the time had difficulty in standing up. The dam was not
damaged by the shake. These are two major instances of dams passing
through earthquake shocks without damage.

Notwithstanding this favorable record, it must be true that earthquake
forces reduce the factor of safety, and conservatism demands their full con-
sideration in seismically active regions. There are few if any regions where
small earthquake disturbances certainly can be said to be unlikely.

Earthquake forces of course must be combined with other forces acting on
the dam. Because of their short duration and infrequent occurrence, some
concession in factor of safety is permissible for the condition of maximum
earthquake and the most adverse combination of other conditions. For open-
spillway dams, earthquake and maximum flood frequently are not assumed
to occur simultaneously.

(6) Acceleration. The intensity of the inertia force depends on the accelera-
tion, i.e., on the rate of change in the velocity of motion. This acceleration is
usually designated by its ratio to g, the acceleration of gravity. According
to Dewell,32

Accelerations ranging from 0.00370 to g have been observed or estimated
in earthquakes. An intensity of 0.40, or more than 12 ft/sec2, is not
uncommon in great shocks; but this, as well as the highest intensity just
noted, is of such local occurrence that from the standpoint of general struc-
tural design it need not be considered.

31 A. D. FLINN, Arch Dam Investigation, Vol. 1, Am. Soc. Civil Engrs., 1927.

32 See  H.   D.   DEWELL,   "Earthquake-Resistant  Construction,"   Eng.   News-Record,
April 26, 1928, p. 650.